Here, we report the detection and partial genome characterization of two novel reptilian parvoviruses derived from a short-tailed pygmy chameleon (Rampholeon brevicaudatus) and a corn snake (Pantherophis guttatus) along with the complete genome analysis of the first lizard parvovirus, obtained from four bearded dragons (Pogona vitticeps). Both homology searches and phylogenetic tree reconstructions demonstrated that all are members of the genus Dependoparvovirus. Even though most dependoparvoviruses replicate efficiently only in co-infections with large DNA viruses, no such agents could be detected in one of the bearded dragon samples, hence the possibility of autonomous replication was explored. The alternative ORF encoding the full assembly activating protein (AAP), typical for the genus, could be obtained from reptilian parvoviruses for the first time, with a structure that appears to be more ancient than that of avian and mammalian parvoviruses. All three viruses were found to harbour short introns as previously observed for snake adeno-associated virus, shorter than that of any non-reptilian dependoparvovirus. According to the phylogenetic calculations based on full non-structural protein (Rep) and AAP sequences, the monophyletic cluster of reptilian parvoviruses seems to be the most basal out of all lineages of genus Dependoparvovirus. The suspected ability for autonomous replication, results of phylogenetic tree reconstruction, intron lengths and the structure of the AAP suggested that a single Squamata origin instead of the earlier assumed diapsid (common avian-reptilian) origin is more likely for the genus Dependoparvovirus of the family Parvoviridae.
INTRODUCTION
Members of the family Parvoviridae are non-enveloped viruses of icosahedral symmetry with a diameter of *25 nm. Their linear, ssDNA genome (4-6.3 kb) has a well-conserved organization of two major ORFs (rep and cap) encoding the replication or non-structural (Rep) and the capsid (VP1, VP2 and VP3) proteins, respectively. The genome is flanked by palindromic sequences that form a hairpin-like, partially double-stranded secondary structure, essential for replication (Tijssen et al., 2011) . For dependoparvoviruses, as well as many other parvoviruses, these telomeres form inverted terminal repeats (ITRs).
Parvoviruses (PVs) occur in numerous vertebrate and invertebrate hosts. Accordingly, the family is divided into two subfamilies (Parvovirinae and Densovirinae), of which the former infects vertebrates (Cotmore et al., 2014; Tijssen et al., 2011) . Dependoparvoviruses or so-called adenoassociated viruses (AAVs) are classified in the genus Dependoparvovirus, which is known for the widest host spectrum out of the current eight genera of the subfamily Parvovirinae. Although members of the genus Aveparvovirus infect galliform birds (Zsák et al., 2008) , all members of the remaining six genera are restricted exclusively to mammals (Cotmore et al., 2014) . Members of the genus Dependoparvovirus infect representatives of all major amniotic groups, i.e. reptiles, birds and mammals. However, signs of PV infections in reptiles are rather scarce. To date only two successful isolations were reported; one from a corn snake (Pantherophis guttatus) (Ahne & Scheinert, 1989) and the other from a ball python (Python regius) (Farkas et al., 2004; Ogawa et al., 1992) . Furthermore, PV-like particles were observed in bearded dragons (Pogona vitticeps) (Jacobson et al., 1996) and in California mountain kingsnakes (Lampropeltis zonata multicincta) (Wozniak et al., 2000) . As for molecular characterization, there is only one fully sequenced reptilian PV genome derived from the ball python isolate, named snake AAV (SAAV), representing the newly established species Squamate dependoparvovirus 1 (Farkas et al., 2004) . Since then, the partial genome analysis of serpentine adeno-associated virus 2, detected in an Indonesian pit viper (Parias hageni), has been published (Farkas & Gál, 2008) . Recently, the first, partial molecular data on a non-serpentine reptilian PV, from a chequerboard worm lizard (Trogonophis wiegmanni), an amphisbaenian, were reported (Pénzes & Benkö, 2014) .
The name Dependoparvovirus reflects a common feature of its members, i.e. their dependence on some helper viruses (usually adeno-or herpesviruses) for efficient replication. However, the viruses causing the so-called Derzsy's disease in geese and Muscovy ducks are capable of autonomous replication even though they are members of the Dependoparvovirus genus (Brown et al., 1995; Le Gall-Reculé & Jestin, 1994; Zádori et al., 1995) . Based on the ability of autonomous replication of anseriform PVs and the basal phylogenetic position of the SAAV, a diapsid (common reptile-bird) origin of the genus has been proposed (Farkas et al., 2004; Zádori et al., 1995) . Nonetheless, PVs in reptiles have been found with concomitant adeno-or herpesvirus infection in all cases reported previously (Ahne & Scheinert, 1989; Farkas & Gál, 2008; Heldstab & Bestetti, 1984; Jacobson et al., 1996; Kim et al., 2002; Wozniak et al., 2000) . The only exception to date is the amphisbaenian PV, with which no simultaneous infection by large DNA viruses could be observed (Pénzes & Benkö, 2014) .
In this study, our aim was to assess the prevalence and diversity besides extending the number of the currently known, scarce reptilian PVs. Our goal was furthermore to analyse the complete genome organization of more reptilian PVs, including lizard PVs. Moreover, we expected these results to shed more light on the evolution of the genus Dependoparvovirus.
RESULTS

PCR screening
Samples of captivity-kept, deceased reptiles were screened by a consensus PCR method (Pénzes & Benkö, 2014) throughout the years from 2009 to 2013. Six positive results were obtained out of the 162 independent samples. This would imply a mean infection rate of 3.7 %. Although samples from a large taxonomic scale were screened, all the positive cases were obtained exclusively from members of the order Squamata. A novel, previously unrecognized PV was detected by PCR in four out of nine bearded dragons (Pogona vitticeps) and was designated bearded dragon parvovirus (BDPV). Three out of the four samples turned out to be positive also for adenoviruses (AdVs) during the parallel examinations (Pénzes & Doszpoly, 2011). The AdV-negative sample originated from an adult female bearded dragon, with malfunctioning ovaries and aberrant yolk formation. The sample proved to be negative for any large DNA viruses that encoded a DNA-dependent DNA polymerase gene in their genome as well. The other positive individuals were only 2-3 months old, displaying neurological signs as metabolic disorders such as bone malformation, dysecdysis and anorexia. We detected another novel lizard PV in one out of 23 AdV-infected shorttailed pygmy chameleons (Rampholeon brevicaudatus) and referred to it as pygmy chameleon parvovirus (PCPV). As for snakes, in co-infection with snake AdV-1, a novel snake PV was obtained from one out of four corn snake (Pantherophis guttatus) samples and was referred to as corn snake parvovirus (CSPV). All novel reptilian PVs displayed the highest similarity with homologous cap fragments of members of the genus Dependoparvovirus according to BLAST homology searches.
Complete and partial genome characterization of novel reptilian parvoviruses
The amplification of the short fragment from rep was successful in all three novel PVs; hence, a longer fragment encompassed by the short PCR fragments of the cap and the rep could be amplified. Its length corresponded to 1487 nt in PCPV (GenBank accession number KP733796) and 1821 nt in CSPV (GenBank accession number KP733 795). As for BDPV, the complete genome sequence could be obtained, including the ITRs (GenBank accession number KP733794). The comparison of the homologous, *1500 nt fragment in all three viruses is presented in Fig. 1 . In all cases, the stop codon of the Rep and the start codons of all VP proteins occured adjacent to a putative promoter homologous with the adeno-associated virus 2 (AAV2) P40, being the most downstream promoter out of the three that are typical for the genus Dependoparvovirus (Kotin & Smith, 2001; Tijssen et al., 2011) . The length of the non-coding region, situated between the two major ORFs, was 17 nt in both PCPV and BDPV, and 18 nt in CSPV. By analogy with AAV2 (Qiu et al., 2006) , we could predict two introns in all genomes, which were spliced from a presumed common donor site and from two, distinct acceptor sites. In all cases, the complete sequence of an alternative ORF, of the putative assembly activating protein (AAP) (Naumer et al., 2012; Sonntag et al., 2011) , could be identified. It harboured an alternative start codon (CTG), similarly to primate AAVs. The comparison of the novel reptilian AAP amino acid sequences with that of other dependoparvoviruses revealed the essential core region to be the most conserved. The hydrophobic N-terminal region, the other essential motif for capsid assembly (Naumer et al., 2012) , displayed remarkable variety both in length and in the number of hydrophobic amino acid clusters throughout the whole genus. The proline-rich region is basically absent in the squamate AAPs. Only three threonine/serine (T/S)-rich regions could be identified. The alignment is presented in Fig. 2 .
The sequence nt 2230-2370 is highly conserved in all three viruses, since it contains a phospholipase A2 motif (PLA2) (Zádori et al., 2001 ).
The complete genome of the BDPV consisted of 4590 nt with ITRs of 257 nt each. The genome organization is presented in Fig. 3(a) . Within the ITRs, a regular, T-shaped hairpin structure could be predicted. Such secondary structure within the ITRs is typical of members of the genus Dependoparvovirus, except goose PV (GPV) and duck PV (DPV) (Zádori et al., 1995) . The predicted hairpin consisted of 130 nt as shown in Fig. 3 (b). The genome core flanked by the ITRs consisted of 4076 nt only, being the shortest out of all dependoparvoviruses. The length of the full genome, including the ITRs, qualified as the second shortest after that of SAAV. The genome contained two major ORFs corresponding to the rep and cap genes of all PVs known to date (Qiu et al., 2006) , with lengths of 1518 and 2178 nt, respectively. The splice donor and acceptor sites of the Rep protein-coding genes of the other two reptilian PVs had similar positions ( Fig. 1) . Three putative promoters, corresponding to P5, P19 and P40 of AAV2, were identified in the genome at nt 323, 803 and 1852 (TATA-boxes are shown in Figs. 1 and 3a). We identified two predicted poly(A) sites in the BDPV genome, out of which the one with a higher score followed the cap gene at nt 4278. Another, supposedly cryptic poly(A) site was, however, observed within the intron in the middle of the genome analogous to AAV5 at nt 2076 (Qiu et al., 2006) .
As for the proteins, the BDPV genome was predicted to encode at least two Rep proteins. The presence of the two presumed introns and the predicted inner start codon, following the putative promoter homologous to P19, however, suggests that there might be four Reps expressed, homologous to those of AAV2, respectively. In the protein sequence of Rep1, supposedly homologous to AAV2 Rep 78, the putative replication initiative motifs I and II (Ilyina & Koonin, 1992) as well as the putative tripartite helicase superfamily III motifs could be identified (Tijssen & Bergoin, 1995; Smith et al., 1999) .The PLA2 motif (Zádori et al., 2001 ) was present in the N-terminal region of the putative VP1 protein sequence in all three viruses. The putative AAP-binding site was identified close to the C-terminal of the VP proteins (Naumer et al., 2012) . It surrounded M689 at the amino acid sequence of VEMLWEV. The putative Rep protein sequence shared most identity with its homologue in SAAV (58 %) and not less than 34 % with all other members of the genus Dependoparvovirus. The VP protein sequence also displayed the highest identity with that of SAAV (70 %), whilst this value was not lower than 56 % in case of other dependoparvoviruses.
Phylogenetic analysis
Phylogenetic tree reconstructions were performed in the case of all three proteins. As for the VP protein, only the partial, 226 aa fragments obtained during the PCR screening were used. The phylogenetic trees according to the Rep and AAP proteins were based on the entire deduced amino acid sequence. All three novel reptilian PVs could be included in the genus Dependoparvovirus according to the short fragment of the VP protein, presented in Fig. 4 (a). The complete Rep protein sequence of the BDPV clustered with SAAV Rep protein, forming the most basal group within dependoparvoviruses as shown in Fig. 4(b) . The AAP-based tree presented in Fig. 4 (c) indicated that all reptilian PVs formed a monophyletic cluster, yet this did not apply for all diapsid PVs.
DISCUSSION PV infection in lizards implies the ability of autonomous replication of reptilian dependoparvoviruses
A complete clone and sequence were obtained of the BDPV and an incomplete sequence of the PCPV, besides detecting another novel snake PV that is only the third one to date. Our primers (Pénzes & Benkö, 2014) proved to be suitable for detecting reptilian PVs. The infection rate of 3.7 % revealed during the screening was low, especially if compared with that of mammalian dependoparvoviruses.
According to the few studies carried out so far it has been reported to be 19.9 % in primates (Gao et al., 2003) and 22.4 % in bats (Li et al., 2010) . It is not certain whether the low infection rate of reptilian PVs mirrors real values or if our PCR system failed to amplify viral DNA in some cases. However, the low infection rate of pygmy chameleons supports the low infection rate in reptiles in general; only one sample was found to be positive amongst a total of 26 samples, including 23 AdV-positive smples. The aligned homologue partial genome sequences of the three novel reptilian parvoviruses bearded dragon parvovirus (BDPV), corn snake parvovirus (CSPV) and pygmy chameleon parvovirus (PCPV), respectively. The ,1.5 kb long sequence of each genome corresponds with the central region including the partial rep and cap ORFs, two introns spliced from a common donor site and the complete alternative ORF of the assembly-activating protein (AAP) that is specific for genus Dependoparvovirus. The characters '.' and '*' of the consensus line indicate the significance level of the aligned position (from low to high).
Nevertheless, this is the first evidence for PV infection of any member of the family Chamaeleonidae. The infection rate amongst bearded dragons was much higher (*44 %). Although PV-like particles in bearded dragons have been reported previously, these are the first molecular data corroborating their relationship to the family Parvoviridae.
The same applies to the CSPV, the hitherto only third snake PV from which genomic sequence data became available. It is interesting that both snake PVs, SAAV and CSPV, were derived from snake AdV-1-positive cases (Farkas et al., 2004; Ogawa et al., 1992) .
The fact that BDPV could be found in a sample of an animal with no simultaneous infection by any potential helper virus is in concordance with previous findings. No potential helper virus could be demonstrated in the worm lizard containing the amphisbaenian PV either (Pénzes & Benkö, 2014) . These results suggested that reptilian dependoparvoviruses, just like anseriform dependoparvoviruses, might also be capable of autonomous replication. However, there is no experimental evidence to support this assumption, hence it remains only a plausible hypothesis for now. 
Novel parvoviruses in reptiles
Complete genome characterization of the first lizard PV and partial characterization of other reptilian PVs
The genome of the BDPV, reported here, is the first complete lizard PV genome and only the second complete reptilian PV besides SAAV (Farkas et al., 2004) . Despite their short genomes, their ITRs are the second longest within the genus Dependoparvovirus. The terminal 122 nt of the 154 nt ITRs of SAAV correspond to the palindrome hairpin structure (Farkas et al., 2004) . The ITRs of BDPV were 103 nt longer, even though the number of nucleotides involved in the hairpin was rather similar, i.e. 130 nt. The suspected Rep-binding site precedes the terminal resolution site by 18 nt (17 nt in SAAV). We are currently not aware of the function(s) of the extremely long single-stranded region of BDPV ITRs. Nevertheless, recent studies have suggested that particular sequences of AAV ITRs play a crucial role in increasing site-specific integration into host cell genomes (Galli & Cervelli, 2014) . A putative similar role of the long BDPV ITRs may be possible as well.
The organization of the BDPV genome is typical for members of the genus Dependoparvovirus, including the three promoters, the length of the non-coding region flanked by the two ORFs (15-18 bases) (Li et al., 2010) , and the presence Novel parvoviruses in reptiles of alternative splicing involving one donor and two acceptor sites (Cotmore et al., 2014; Qiu & Pintel, 2008; Qiu et al., 2006; Tijssen et al., 2011) . The length of the first intron in mammalian dependoparvoviruses is *300 nt (Chiorini et al., 1999; Ruffing et al., 1994) whilst 205-215 nt in those of avian origin (Estevez & Villegas, 2004; Zádori et al., 1995) and only 160 nt in SAAV (Farkas et al., 2004) , similar to the three novel reptilian dependoparvoviruses (Table 1 ).
The polyadenylation strategy of dependoparvoviruses varies in different species. Although we identified a putative inner poly(A) site within the intron of these novel PVs, it remains unknown if polyadenylation takes place at this position or exclusively at the predicted principal, downstream poly(A) site.
Alternative ORFs have been identified multiple times in genomes of PVs with different evolutional backgrounds (Allander et al., 2001; Day & Zsak, 2010; Tse et al., 2011; Zádori et al., 2005) . In the genus Dependoparvovirus, the recently discovered ORF of the AAP is completely contained within the cap gene (Sonntag et al., 2011) . This applies to the three novel reptilian PVs as well (Fig. 1) . A scaffolding role is ascribed to this protein and is essential for capsid assembly. The various regions in the protein sequence corresponding to this role has been well-characterized (Naumer et al., 2012) . However, the functions of the proline-rich and T/Srich regions are unknown, even though they are rather conserved and occur repetitively (Naumer et al., 2012) . In the case of squamate hosts, the proline-rich region is basically absent, reduced to a single PE motif, whilst it is present in the avian AAV (AAAV) and is slightly reduced in anseriform PVs. The number of T/S-rich regions also varies amongst viruses of different host origins; there are five in mammalian AAVs, four in avian PVs, whereas only three in those of squamate origin.
Even before the discovery of AAP, the C-terminal 29 aa of the VP protein had been demonstrated to be essential for capsid assembly (Ruffing et al., 1994; Wu et al., 2000) and it is now known to correspond to the AAP-binding site (Naumer et al., 2012) . The 7 aa motif, in proximity to the C terminus of the BDPV VPs, is identical with those of anseriform PVs and SAAV.
Reptilian PVs cluster as a monophyletic group within the genus Dependoparvovirus
Phylogeny reconstructions based on the short, 226 aa fragment of the VP protein proved to be suitable for PV classification at the genus level, as all genera clustered as monophyletic groups on the midpoint-rooted phylogenetic tree (Fig. 4a) . This also corresponded to the previous prediction (Pénzes & Benkö, 2014) . Furthermore, the three novel reptilian PVs unite in one monophyletic group with amphisbaenian PV and SAAV, being the most descended within genus Dependoparvovirus.
The unrooted phylogenetic tree, based on the whole Rep sequence and presented with a midpoint root, contradicted this; the clade formed by reptilian PVs (i.e. BDPV and SAAV) is a basal cluster of the same genus as shown in Fig. 4(b) . Currently this contradiction is difficult to resolve; however, the less significant role of the reptilian adaptive immune system should also be considered in this issue (Zimmerman et al., 2010) . This might suggest the selection pressure to be somewhat lower on antigenic viral proteins compared with that on mammalian proteins. As this might lead to the more flexible evolution of reptilian parvoviral capsid proteins, it could also manifest in homoplasy of the mammalian proteins. The rep gene, which encodes a non-structural protein, is probably exempt from this selective pressure and therefore presumably is more suitable for examining evolutional relationships below the genus level, when the examination is based on complete amino acid sequences.
According to AAP sequences, reptilian PVs display monophyly with anseriform dependoparvoviruses, yet AAAV clusters with mammalian AAVs. It is worth mentioning that on a Rep-based tree, published earlier in an in silico analysis on endogenous viral elements (Katzourakis & Gifford, 2010) , AAAV also appeared split from the anseriform dependoparvoviruses by an integrated sequence found in a mammalian (dolphin) genome.
As the protein is specific for the genus Dependoparvovirus, the phylogenetic calculations do not provide any information on which clade is more basal. Phylogenetic calculations based on the AAP amino acid sequence, however, raise further concerns, i.e. its complete overlap with cap, coding capsid proteins responsible for antigenic traits. When resolving this contradiction, it is important to point out that cap is more conserved within the genus Dependoparvovirus (Cotmore et al., 2014) . In case of hepadnaviruses, a similar conservation has been detected within overlapping ORFs, explaining their suitability for phylogeny reconstructions (Mizokami et al., 1997) . In this case, it is likely that the AAP sequence is under a stronger functional selection pressure than capsid proteins are; hence, it might serve as a better subject for eluding phylogenetic relationships than capsid proteins in general.
CONCLUSIONS
We report the first examinations on the prevalence and diversity of dependoparvoviruses in captive reptiles. Despite a low prevalence, as the result of this study, the number of known reptilian PVs was doubled. BDPV is the first lizard and the second reptilian PV for which the complete genome sequence has been obtained. As the complete protein sequence of both major ORFs is known, the taxonomic classification of this virus could be determined. BDPV fulfils the criteria to be designated a new species within genus Dependoparvovirus (Cotmore et al., 2014) ; hence, the species name Squamate dependoparvovirus 2 is suggested.
It has been shown that ancestral members of the genus Dependoparvovirus were integrated into their vertebrate host's genome over the past 50 million years of evolution (Belyi et al., 2010) . It has been observed that certain artefactual circumstances enable AAV2 to replicate autonomously, similarly to autonomous PVs of other genera (Yakobson et al., 1987) . This suggests the theory that dependoparvoviruses may have descended from autonomous ancestors.
As the only members with autonomous replication capability were derived from anseriform birds, i.e. GPV and DPV, a diapsid origin of the genus Dependoparvovirus was presumed (Zádori et al., 1995) . The basal position of SAAV on Rep-based phylogenetic trees was in concordance with this assumption (Farkas et al., 2004) , even though no data were available on its mode of replication. The fact that both amphisbaenian PV (Pénzes & Benkö, 2014) and BDPV were detected without the presence of a potential helper virus might provide further support to this theory. Nevertheless, helper-independent replication of these viruses is required to be demonstrated in virus-free cell cultures first, in order to draw strong conclusions.
As early as 2004, it was observed that the length of the introns in the SAAV genome was shorter than in both avian and mammalian dependoparvoviruses (Farkas et al., 2004) . The three novel reptilian PVs also possess short introns (Table 1) . If we suppose the intron length to expand continuously throughout the evolution of dependoparvoviruses, then a Squamata origin of the genus turns out to be more likely. This is further supported by the phylogeny based on the Rep sequence. A similar expanding tendency in the case of the AAP conserved motifs is observed, i.e. there are five in total T/S-rich regions in mammalian AAVs, only four in avian dependoparvoviruses and three in reptilian dependoparvoviruses. There is, however, the exception of the AAAV AAP which has the same organization as the AAPs of mammalian viruses. Even the phylogeny reconstruction does not display any monophyly of this avian PV with anseriform PVs, but with mammalian AAVs instead. This clustering cannot be observed, nevertheless, with the Rep-based phylogenetic tree, yet the monophyly of the most basal clade of squamate PVs is still valid. Previous results on dependoparvovirus Rep-based phylogeny, however, indicated AAAV to be split from the anseriform dependoparvoviruses by an endogenous viral element originating from a cetacean (Katzourakis & Gifford, 2010) .
In summary, our current results suggest that evolution of dependoparvoviruses supports an exclusive Squamata origin rather than a common avian-reptilian origin. Further research on novel non-squamate reptilian dependoparvoviruses, provided if such viruses exist, would be required to elucidate this enigma.
METHODS
Samples and DNA extraction. In total, 162 independent samples originating from various hosts including members of all reptilian orders except for Rhynchocephalia were screened. The most represented order was Squamata, from which 110 samples were examined. The samples were collected from deceased individuals obtained from local pet stores or private pet owners.
For nucleic acid extraction, small (15225 mg) pieces from the internal organs (lungs, liver, intestines, gonads and kidney) were transferred to 2 ml microcentrifuge safe-lock tubes and homogenized by using a TissueLyser LT bead mill (Qiagen). DNA was purified using a DNeasy Blood and Tissue kit (Qiagen) according to the protocol recommended for animal tissues with an overnight incubation at 55 uC.
PCR primers and conditions. To check the presence of PV DNA, a consensus primer pair aiming at a conserved region of the cap gene was used (forward: GGYGCCGAKGGAGTGGGYAATKCCTC; reverse: TCAAARTTRTTBCCBGTYCTYAGCAT) (Pénzes & Benkö, 2014) . As for the PCR program, an initial denaturation step at 92 uC for 5 min was followed by 45 cycles of denaturation at 92 uC for 30 s, annealing at 46 uC for 60 s and elongation at 72 uC for another 60 s.
Final elongation was performed at 72 uC for 5 min, expected to result in an *600 bp fragment amplified from the VP gene. For AdV detection, a very sensitive consensus nested PCR that targeted a highly conserved region of the adenoviral DNA-dependent DNA polymerase gene (Wellehan et al., 2004) was applied. Amplification of the herpesviral DNA polymerase gene fragment was carried out by another nested consensus PCR (VanDevanter et al., 1996) . Furthermore, an expanded-range PCR designed for the DNA polymerase gene of other large DNA viruses was performed (Hanson et al., 2006) .
In the case of PV positivity, a short fragment from the rep gene was targeted for amplification. To this end two different sets of consensus primer pairs were designed, with the sequences of 59-GTDAAYTG-GACYAAYGMRAAC-39 and 59-AACATNCKBTCYTSYARNGG-39 in case of set A and 59-TGTGTCARGTMTWTGATGGKAA-39 and 59-CAATTCAGGRTAACATTCNRWACA-39 for set B. The size of the expected PCR products was *250 or 400 bp, respectively. A PCR program consisting of an initial denaturation at 94 uC for 5 min, 45 cycles of 94 uC for 1 min, 41 uC for 1 min and 72 uC for 1 min was utilized, finishing with a final synthesis step at 72 uC for 3 min. In order to sequence the full genome, primers facing outwards from the already known sequences were designed and then submitted to PCR with a reaction mix including only these primers. The PCR products were cloned and sequenced. PCRs were performed in 50 ml with AmpliTaq Gold DNA Polymerase (Life Technologies) or, in case of fragments w1000 bp, with Phusion High-Fidelity DNA Polymerase (ThermoFisher Scientific) according to the manufacturer's recommendations.
Obtaining the genome end structures. Owing to their secondary structure, the ITRs could not be obtained via single-primer PCR. To solve this problem, a phosphorylated adaptor 59-ATCCACAACAACTCTCC-TCCTC-39 was attached using T4 RNA ligase (New England Biolabs) to both genome ends. Additional primers were designed specifically to the nearest Cla I restriction sites at both genome ends. A special PCR was applied in 25 ml with OneTaq Hot Start DNA Polymerase (New England Biolabs) including GC enhancer and 3 ml 2 mM EDTA, and using the adaptor reverse primer. The PCR fragments obtained were cloned and sequenced. In the case of incomplete ITRs, specific primers were designed for both the flip and flop structures in order to acquire the remaining nucleotides.
Sequencing, molecular cloning and sequence analysis. Sequencing reactions were performed with the BigDye Terminator version 3.1 Cycle Sequencing kit (Life Technologies) and sent for analysis by a commercial service on an ABI Prism 3100 Genetic Analyzer (Life Technologies). PCR fragments that were amplified with only one primer were molecularly cloned with a CloneJET PCR Cloning kit (Thermo Scientific) and sequenced with primers specific for the plasmid. Genome end fragments were cloned to pGEM-T easy vectors (Promega) into SURE 2 electrocompetent cells. BLASTX (http://blast. ncbi.nlm.nih.gov/Blast.cgi) was used for identification and comparison of the nucelotide sequences. Sequence editing and assembly was performed with the Staden Sequence Analysis Package (Staden et al., 2000) with occasional manual corrections.
Phylogeny reconstructions. Multiple alignments were constructed based on amino acid sequences of the complete Rep and AAP as well as on the 224 aa fragment of the VP protein, using CLUSTAL_X version 2.1 (Larkin et al., 2007) . The alignment was then submitted to model selection carried out by ProtTest v2.4 (Abascal et al., 2005) . Guide tree was calculated via PHYLIP version 3.6 using the PROTDIST application to obtain the distance matrix (JTT substitution model) out of which the tree was constructed by Fitch (Fitch-Margoliash model with global rearrangements). The maximum-likelihood phylogenetic trees were calculated by the PhyML 3.0 web server based on best models according to the Akaike information criterion (Guindon et al., 2010) . Bootstrap analysis was also performed in 100 repeats.
